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ABSTRACT 

It vas the purpose of this study to provide a tool 
for designing and executing future research on panel data in vhich 
relationships between pairs of variables are observed over ti«e so 
th?**- contingent conditions can be controlled. The 360 .subjects were 
selected fron the telephone directory and surveyed at randon about 
their responses to the Watergate hearings. The findings were 
heuristic in that they deaonstrated the potential usefulness of this 
approach in the analysis of panel data and provided the beginnings of 
a plausible conceptualization of a political socialization process. 
The most surprising aspect of these findings was that significant 
changes in variables relationships were often related to a lack of 
■a,ss media use or to low attention to Watergate. The conceptual 
framework used in this study did not predict such results, which 
suggests that in some instances interpersonal communicationf distrust 
of politicians, or Richard Nixon's image had more important effects 
for those who chose not to pay attention to the mass media. Future 
studies should consider the conceptualization of contingent variables 
for use in causal analyses of the type used in this study. 
(Author/PB) 
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An Approach to the Analysis of Panel Data* 

Though communication theories frequently include references to 
changes in relationships between variables over-time, these relation- 
ships have often gone unstudied. Though panel data has been a potential 
source of information about changes in relationships between variables 
over-time, panels have been infrequently employed in communication 
research. In this paper, we have attempted to develop an approach for 
the analysis of relationships between pairs of variables over-time such 
that contingent conditions can be controlled for. We have applied 
Lazarsfeld's sixteenfold table approach and cross-lagged correlation to 
the analysis of a set of panel data. These techniques permit causal 
inferences to be made. We have then examined changes in the observed 
causal relationships which occur under differing contingent conditions. 

Our analysis is purely exploratory. Its purpose is to provide a 
basis for designing and executing future research. Variables have been 
crudely measured and the techniques used to assess causal relationships 
impose assumptions which are not met by the data. We believe that our 
findings are heuristic in that they demonstrate the potential usefulness 
of this approach to the analysis of panel data and provide the begin- 
nings of a plausible conceptualization of a political socialization 
process. 

The Problem 

From May until August 1973, the Senate hearings into the Watergate 
affair were given live television coverage by the three television 



* The authors acknowledge the assistance provided by Sidney Kraus, Arthur 
Bochner and John Holm, CSU colleagues, who designed and supervised the 
data collection which provided the basis for this paper. 



networks. The networks broadcast 319 hours of coverage which was viewed 
by an audience estimated to be substantially larger than usual for 
daytime television prograiwning (Britannica, p. 659). While the hearings 
were being conducted, substantial changes in public opinion were regis- 
tered by the public opinion polls. In particular, the popularity of 
President Nixon plummeted. The public apparently became increasingly 
convinced of the seriousness of the Watergate incident and of the pos- 
sible involvement of President Nixon in its coverup. While the tele- 
vised hearings coincided with these dramatic shifts in public opinion, 
it would be hazardous to consider them to be the sole or even the pri- 
mary cause of these changes. Below, we have speculated on the impact of 
the hearings by linking them to a conceptualization of a process of 
political socialization. 

Data Collection 

A panel of 500 respondents was randomly chosen from the Greater 
Cleveland telephone book. Three hundred and sixty of these individuals 
were successfully contacted and surveyed by telephone during the week 
before the Senate hearings began on May 17, 1973, Subsequent surveys 
were conducted during the Memorial Day break and immediately after the 
testimony by John Dean ended on June 29th. In these subsequent waves, 
only 114 of the respondents contacted on the first wave could be re- 
contacted. Data was collected on four sets of variables: a) mass 
communication use and exposure variables; b) an attention to the Water- 
gate affair variable; c) an interpersonal communication variable; and d) 
political attitude and image variables. The mass communication vari- 
ables were measured by asking respondents to name their primary sources 



of information about the Watergate hearings. The attention to Watergate 
variable was measured by asking respondents to state whether they were 
giving no. a little, or a great deal of attention to the Watergate 
affair. Interpersonal communication was measured by asking respondents 
about how often they discussed Watergate matters with their family, 
friends or persons at work. Responses to three Likert-type items were 
summed to obtain a total score for interpersonal communicaf»^i. Poli- 
tical attitudes and images were assessed using two different ilss. 
One scale consisted of a ten item semantic differential measure of 
Nixon's image. The other measured distrust of politicians using five 
Likert-type scale items. For both measures, responses to items were 
summed to obtain total scale scores. 

Data Analysis Techniques 

In a previous paper (Davis and Lee, 1974), we discussed the appli- 
cation of three causal analysis techniques to this set of data. In this 
paper, we have focused on applying the sixteenfold table approach of 
Lazarsfeld and the cross-lagged correlation approach. We have extended 
our analysis beyond the preliminary findings reported in the earlier 
paper. The portion of this paper which discusses the causal analysis 
techniques used here is contained in the appendix. 

In applying Lazarsfeld 's sixteenfold table approich, we have not 
calculated the summary statistic described by Lazarsfeld. Instead, we 
have examined «.he cell frequencies in eight critical cells for causal 
evidence. Table II in the appendix indicates the critical cells and the 
causal interpretations which can be given to evidence contained in each. 



These eight cells can be contrasted to produce estimates of four summary 
effects. The logic for this procedure has been explained in the appen- 
dix. These summary effects have been label ed^f , B , 9 , and ^ using 
labels given to similar effects by Coleman (1964). • These four effects 
can also be divided into two pairs V and B , ^ and ^ , These pairs 
should be complementary to one another. We have pointed out in our 
previous paper that when large amounts of incongruent or un complementary 
evidence is present, causal interpretations are made problematic. 

The relevant evidence from our earlier analysis of the data has 
been reported in the four tables below in the columns labeled "Total 
Sample." The other columns in the tables show the various over-time 
relationships broken down by contingent conditions of media use and 
attention to Watergate. The relationships reported for the total sample 
suggest that the relationships between variables are changing markedly 
over-time. The relationships found from time one to time two are quite 
different from those found from time two to time three. When some 
inconsistent changes are ignored, the most interesting changes found are 
that the effects of Interpersonal communi ition are clearly reversed 
with regard to distrust of politicians and to a lesser extent with 
regard to Nixon's "mage. Whereas, interpersonal communication was 
apparently responsible for creating distrust earlier, later it serves to 
dispel distrust. The evidence indicates that interpersonal communica- 
tion initially contributed to a more positive image of Nixon but later 
produced a negative image. The effects of distrust also alter overtime. 
At first, distrust of politicians caused reduced interpersonal communi- 
cation, later it was linked to increased interpersonal communication. 
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The effects of Nixon's image grew stronger. It became increasingly 
likely that persons having a positive image of Nixon would withdraw from 
Interpersonal communication. In the case of both pairs of variables, 
variables are reciprocally related to one another such that neither can 
be assumed to be causing the other to change without being changed 
itself. Also, these reciprocal relationships are changing dramatically 
over-time. 

It is possible to account for the observed changes in the relation- 
ships between variables in two ways. First, the changes may be due to 
an inadequate research design which permitted large amounts of fluctu- 
ating measurement error or a design which itself induced the changes 
observed. While we cannot discount this explanation completely, we have 
chosen to account for the observed changes using a conceptual framework. 
We have attempted a preliminary evaluation of the usefulness of this 
framework by controlling for a set of conceptually important contingent 
conditions. Thet,e are the conditions in which the changes we have 
observed should be most likely to occur if our conceptual framework is 
correct. 

The approach which we have developed thus far can be summarized as 
follows. We ui.ed the sixteenfold table approach and cross-lagged corre- 
lation to assess the over-time relationships between theoretically 
interesting variables. Having observed what appear to be important 
reversals in these over-time relationships, we will attempt to construct 
a post hoc theoretical explanation for the reversals. This explanation 
will be used to select a set of contingent conditions. If these condi- 
tions are useful (i.e., serve to specify when the observed reversals are 
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most likely to occur) this will provide evidence in support of our post 
hoc explanation. Ideally, this explanation should eventually be tested 
using a new data set. 

A Conceptual Fram ework 

The fluctuations in the relationships between interpersonal com- 
munication and distrust of politicians and Nixon's image can be viewed 
as evidence of changes in a process of political socialization which 
underlies these variables. In this process, exposuv-e to certain criti- 
cal events or to communication about such events serves to disorient or 
to orient individuals toward political institutions. These events can 
be regarded as critical events because they play an important role in 
initiating changes or resolving ambiguities in the way that people think 
about or act toward political institutions. When such changes are 
initiated, they are reflected in changes in relationships between vari- 
ables such as the ones we have considered above. 

This conceptualization suggests that political socialization is a 
dynamic process which does not cease to produce significant changes 
after adolescence but continues to initiate changes during adulthood. 
Whenever critical events occur they initiate changes in the way that 
individuals orient themselves to political institutions. If this view 
is correct, research efforts should be directed toward: a) specifying 
such critical events; b) determining some variables which can serve as 
indicators of crucial changes in the political socialization process; 
and c) specification of the conditions when such critical events are 
most likely to be effective in initiating crucial changes in socializa- 
tion, particularly conditions involving mass media. This view is com- 



plementary to and not in contradiction with the prevailing view that 
socialization primarily consists of reinforcement of existing beliefs or 
values. It does not deny that mass communication about many events may 
serve to reinforce. But communication about some events may be espe- 
cially effective in introducing or resolving ambijuity about political 
institutions. If we focus our attention solely upon reinforcement, we 
may fail to note important effects of mass communication. 

In this case, two critical events may be operating. Exposure of 
the cover-up of the Watergatt incident was one critical event which may 
have disoriev;ed many individuals concerning American political insti- 
tutions. This disorientation was reflected in rapidly shifting opinions 
about government anc' public officials in national public opinion polls. 
The relationships which we observed from the first to the second measures 
of our panel may be the result of exposure of the cover-up. Some evi- 
dence would appear to support this argument. The data show that persons 
who were talking to others were coming to dist*"ust politicians more and 
those with high distrust of politicians were tending to talk less with 
others. Persons with a positive image of Nixon were likely to stop 
talking to others. These findings suggest that exposure of the cover-up 
disoriented some members of the public affecting their views of Nixon 
and other public officials. Other individuals prevented disorientation 
only by cutting themselves off from interpersonal communication. It 
appears that in this situation {:he mass media have been provided with a 
powerful issue which enables the media to affect the political sociali- 
zation process. The only finding which does not fit this interpretation 
is the data which indicates that Nixon's image is being improved by 
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interpersonal communication prior to the hearings. This suggests that 
groups of Nixon supporters were able to sustain one another's image of 
Nixon despite contrary communications from the mass media. Even for 
these individuals, there may have been a growing distrust of politicians 
in general. 

The second critical event was the televising of the Senate Water- 
gate hearings. The effects of this event may be reflected in the rela- 
tionships observed from time two to time three. The hearings may have 
served to do two things which are relevant to the relationships we 
studied. One, they may have demonstrated to the public that some poli- 
ticians (i.e., the committee members) were honest, capable, and trust- 
worthy. Second they may have convinced the public that President Nixon 
was at least partially responsible for Watergate. Thus, we find that 
interpersonal communication is leading people to be more trusting of 
politicians after the televised hearings. The negative relationship 
between distrust and interpersonal communication has disappeared. 
Interpersonal communication is resulting in a growing negative image of 
Nixon while those who have a positive image oT Nixon are more likely to 
withdraw from interpersonal communication. 

Specification of Contingent Conditions 

We have argued that the changes observed from time two to time 
three were induced by the Watergate hearings. Because most persons 
received their information about the hearings from the mass media, it 
can be plausibly argued that those persons who sought out exposure to 
Information about the hearings should be more lik'jly to be affected by 
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them. Thus, if the hearings are producing certain effects, these effects 
should be more pronounced among those who seek out particular mass 
media. Also, those persons who say they are giving a great deal of 
attention vo Watergate should have been more likely to be affected. We 
chose four potentially useful contingent conditions from the data set. 
The measures of these variables at time two were used as contingent 
conditions. The .ledia exposure variables were all responses to a single 
question. Respondents were asked to tell where they were getting their 
information about the hearings. A list of possible sources were read 
and they were asked to indicate whether or not d particular medium was 
used. These sources included: daytime, live television coverage; 
newscasts or night-time reviews; and newspaper reports. Respondents 
were also asked how much attention they were paying to Watergate. These 
contingent conditions are not ideal choices by any means. At best they 
serve only to illustrate the potential of the approach we have discussed. 
Below we have made some suggestions for designing more useful measures 
of contingent conditions. 

Findings 

Tables one and two report the data from the sixteenfold turnover 
tables which bear on the eight possible causal hypotheses and the four 
summary effects. Column one in the table reports the evidence for all 
114 cases. The remaining pairs of columns report the evidence broken 
down by the various contingent conditions. In tables three and four, 
the cross-lagged zero-order and partial correlation coefficients are 
reported. Column o""' in each table reports these coefficients fo-' all 
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114 respondents and the remaining pairs of columns report the coeffi- 
cients for the various contingent conditions. 



In general, these findings indicate that the differing contingent 
conditions do appear to be related to differences in changes in the 
relationships between variables. However, these differences are not 
always, or even very often, consistent with the conceptual framework we 
have proposed. In examining table one for evidence of changes in the 
relationships between interpersonal communication and distrust of poli- 
ticians the following differences can be noted: 

1) High interpersonal communication results in reduced distrust 
most often among persons who report newspapers or daytime 
television coverage as a source (Row 4). 

2) Low 'nterpersonal communication causes distrust to increase 
most among those who read newspapers, or who report low 
attention to Watergate (Row 6). 

Z) High distrust results in increased interpersonal communication 
most among those who don't watch daytime coverage, who read 
newspapers or who report low attention to Watergate (Row 10). 
4) Low distrust results in increased interpersonal communication 
among those who read newspapers or who report low attention to 
Watergate (Row 14). 
The last two findings are contradictory for the conditions in which 
newspapers are read or low attention is given to Watergate. 

In examining table two for evidence of changes in the relationships 
between interpersonal communication and Nixon's image, the following 
findings can be noted: 



(Tables One and Two About Here) 



^^^^^ 

1) A positive image results in increased conimuni cation among 
those who read newspapers (Row 10). However, a positive image 
results in reduced communication among persons in this con- 
dition (Row 12). These findings are in direct conflict. 

2) A negative image results in increased interpersonal communica- 
tion most among those who watch no daytime television coverage 
(Row 14). who read newspapers, and who report low attention to 
Watergate. 

3) A negative image of Nixon causes reduced interpersonal com- 
munication among those who report great attention to Watergate 
(Row 16). 

(Tables Three and Four About Here) 
Tables three and four report the cross-lagged zero-order and par- 
tial correlation coefficients. These correlations support some of the 
findings derived from the sixteenfold table analysis but some inipor^ir.t 
contradictions exist. In the discussion below we have referred priir.arily 
to the cross-lagged partial correlations. The zero-urder correlations 
are provided if readers wish to note differences between the two sets of 
correlations. In general, the two sets support the same conclusions. 
The cross-lagged partial correlations reported in table four support the 
following inferences: 

1) High interpersonal communication is most likely to lead to 
reduced distrust of politicians or low interpersonal communi- 
cation is most likely to lead to increased distrust of poli- 
ticians under the following conditions: daytime television 
coverage of the hearings not watched, newspapers read, low 
attention paid to Watergate. This finding is consistent with 



the results of the sixteenfold table analysis except for the 
daytime television coverage condition. Where the findings are 
compatible, the sixteenfold table results offer some clues to 
sorting o'lt the causal hypotheses which ar? confounded in the 
partial correlations. For example, the frequencies indicate 
that the negative relationship between interpersonal communi- 
cation and distrust (partial correlation = -.45) in the low 
attention to Watergate condition is mainly due to low inter- 
personal ccnmunication leading to increased distrust. On the 
other hand, both confounded hypotheses are apparently true for 
the newspaper source condition. 

High distrust cf politicians is likely to lead to increased 
interpersonal communication or low distrust of politicians is 
likely to lead to reduced interpersonal communication in the 
condition where ne.w3papers are not used as a source. This 
finding is directly contradicted by the sixteenfold table 
frequencies which indicate that when newspapers are used as a 
source, this contingent condition results in the effect des- 
cribed by the first causal hypotheses of th^s pair. Below, we 
have suggested an explanation for this apparent contradiction 
and a procedure for avoiding it in future research. 
Low interpersonal communication results in an improved Image 
of Nixon or high interpersonal corjnuni cation results in a n.ore 
negative image of Nixon in the condition where daytime coverage 
of the Senate hearings was watched. The sixteenfold table 
frequencies indicate that viewing of the hearings on daytime 



television was an important condition for the first of the 
causal hypotheses in this pair. 
4) A more positive Image of Nixon results in reduced Interpersonal 
communication or a more negative image of Nixon results in 
increased Interpersonal communication in the condition where 
daytime television coverage of the Senate hearings was not 
watched. The sixteenfold table frequencies indicate that not 
watching the television coverage of the hearings is a contingent 
condition for both of the hypotheses in this pair. 
The two data analysis approaches agree that the use of newspapers 
as a source condition encourages those who have high Interpersonal 
communication with others to reduce their distrust of politicians. It 
is interesting to speculate whether newspaper reports tended to high- 
light the trustworthy actions of Watergate panel members and that this 
focus encouraged those who discussed such reports to reduce their dis- 
trust. Or perhaps, those people who rely on newspapers as a source are 
more willing to be convinced that politicians are ethical than some of 
those who choose to use television as a source. 

On the other hand, the comparison of the two sets of findings which 
we have presented above indicates that the newspaper as a source condi- 
tion has produced some Inconsistent findings. This 1s not surprising 
because persons in thi? condition constituted the largest group (83 
persons out of 114). Persons in this condition may have been using 
newspapers in quite differing ways such that the condition produced 
apparently contradictory findings. If newspapers are being used differ- 
ently, then both sets of findings may be true.' Future research should 
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not simply group respondents into a newspaper as a source condition but 
should categorize them according to their use of the newspaper. Thus, 
by separating individuals who expose themselves to newspapers on the 
basis of functionally opposing newspaper use patterns, it may be pos- 
sible to produce useful findings. 

The live television coverage of the hearings condition produced 
some consistent results although again one inconsistent finding is 
present. The sixteenfold table frequencies indicate that for five 
persons in this condition increased interpersonal communication resulted 
in reduced distrust of politicians while distrust was increased for only 
one person. However, the cross-lagged partial correlations indicate 
that increased interpersonal communication results in reduced distrust 
only for those persons who don' t use daytime television coverage as a 
source. One way on interpreting this conflict is to consider that the 
cross-lagged correlations may be sensitive to a general trend in the 
data which the less precise sixteenfold table approach cannot gauge. On 
the other hand, the sixteenfold table approach has isolated five persons 
who directly contradict the trend suggested by the cross-lagged correla- 
tions. Are these persons atypical and the cross-lagged correlations 
correct or is the trend indicated by these correlations due to measure- 
ment error? This data set cannot answer this question. However, once 
again, both sets of conclusions may be correct. Future research should 
attempt to recategorize persons on the basis of functionally opposing 
uses of the coverage provided by the Senate hearings. 

The two approaches also indicate that the televised hearings condi- 
tion encouraged the following causal relationships: reduced inter- 
personal communication resulted in an improved image of Nixon and 



increased interpersonal communication resulted in a more negative image 
of Nixon. When the televised hearings were not used as a source, this 
condition encouraged the following causal relationships: a positive 
image of Nixon resulted in reduced interpersonal communication and a 
more negative image of Nixon resulted in increased interpersonal com- 
munication. These findings are somewhat consistent with the theoretical 
framework which we presented above. 

The televised hearings may have been instrumental in encouraging 
the "resocialization" of at least some individuals. Those who were 
communicating with others were likely to come to think less of Richard 
Nixon. It is possible to speculate that the hearings may have "set the 
social agenda" for these persons. When they engaged in conversations 
with others, these conversations may have focused on the damaging evi- 
dence about Nixon's actions which the hearings revealed. As a result of 
these conversations persons may have been convinced that their prior 
positive image of Nixon was mistaken. On the other hand, the hearings 
also appear to have encouraged some persons to withdraw from a hostile 
"communication environment." Those persons who chose to withdraw are 
managing to maintain or even improve their image of Nixon even though 
they are watching the hearings. These persons may be using these broad- 
casts in a very different way from those who allowed the hearings to set 
their social agendas. These persons may be seeking evidence from the 
hearings which supports their views of Richard Nixon and apparently are 
successful in doing so. Perhaps, because the hearings failed to put the 
"smoking revolver in Nixon's hand" these individuals were encouraged to 
maintain their prior conceptions of him. 
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Interestingly, and in contradiction to the theoretical notions we 
presented above, the conditions in which media were absent also ap- 
parently encouraged certain causal relationships and when the media were 
used as sources these relationships were attenuated. The most striking 
of these findings is that when persons did not watch the hearings, a 
positive image of Nixon was more likely to result in reduced inter- 
personal communication while persons with a more negative image of Nixon 
were more likely to increase their interpersonal communication. Perhaps, 
those persons who did not watch the hearings became more defensive as 
the hearings provided everyone around them with information about Nixon 
that they did not want to confront. Thus, lacking the positive evidence 
about Nixon which they might have been able to glean from viewing the 
hearings, they became r.iore likely to withdraw from communication with 
others. On the other hand, those with negative images of Nixon who 
could not watch the hearings (perhaps, because they worked during the 
day) were more likely to seek out others to find out about the hearings 
and confirm their suspicions of Nixon. 

Summary and Conclusions 

Our results have produced some interesting speculations and some 
suggestions to guide future research. In general, the use of both the 
sixteenfold table approach and cress-lagged correlation appears to be 
warranted for the analysis of exploratory panel data. Both methods 
should produce complementary results. When such results are found 
greater confidence can be placed in them, ^he sixteenfold table ap- 
proach has the advantage of actually locating individuals who have 
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undergone theoretically interesting changes under specified conditions. 
However, the technique is insensitive (relying on dichotomized variables) 
and cannot take full advantage of the information contained in some data 
sets. Thus, when a researcher has confidence in his measures of vari- 
ables; has measured these variables precisely using metric scales; and 
is relatively certain of the linearity and the causal direction of the 
relationships between variables; he should choose to rely on cross- 
lagged correlation alone. This technique makes the most efficient use 
of the information contained in such a data set. The technique has the 
advantage of being able to accurately delineate trends in the data (if 
variables have been precisely measured). It may be important to isolate 
such trends rather than locate a few individuals who have undergone 
dramatic, theoretically significant changes. 

The simultaneous application of the two approaches forced reconcep- 
tuallzation of the mass media source conditions. The individuals isola- 
ted by the sixteenfold table approach were in several instances in 
apparent contradiction with the trends found by cross-lagged correlation. 
We argued that this data set cannot resolve these contradictions. Both 
sets of findings may be correct if the media conditions were actually 
producing conflicting effects because people were using the media in 
functionally opposing ways for this event. We suggested that in future 
research, such opposing patterns of media use should be isolated and 
studied. If our speculation is correct, it should be possible to 
explain apparent conflicts in these findings. This should be a major 
objective of future research. 
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The theoretical framework presented above has been partially 
supported by the data analysis. It should be refined and developed in 
future research. The specification of important media use conditons 
which encourage certain causal relationships aid in the development of 
this theory. Ideally, a conceptual framework can be developed which 
combines the strong points of both the agenda setting conceptualizations 
and the uses and gratifications conceptualizations which are being used 
increasingly by mass communication researchers. It may be possible to 
link all of this research together under a common theoretical framework 
like the one which we introduced above. 
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The Sixteenfold Table Approach 

Lazarsfeld's sixteenfold table approach was developed to permit causal 
Inferences to be made from two dichotomous variables measured at two 
points in time. The relationship between the two variables is analyzed 
such that causal influence can be attributed to one variable. The 
technique was initially applied to studies of the relationship between 
party membership and presidential candidate preferences in elections 
during the 1940's (Lipset. et ai, p. 1161). Respondents in opinion 
studies were classified into one of four categories based on their 
positions on the two variables being studied: 

1) Republican (+)/ for Wilkie (+) 

2) Republican (+)/ against Wilkie (-) 

3) Democrat (-)/ for Wilkie (+) 

4) Democrat (-)/ against Wilkie (-).* 

* Arithmetic signs are assigned arbitrarily to indicate the 
(different categories of the variables. 

Ther-e four categories can be regarded as an exhaustive set of states 
into which any respondent will fall at any point in time. The movement 
or transition of respondents from one state to another is studied by 
constructing a "turnover" table in which the classification of respon- 
dents at one point in time is cross-tabulated with their classification 
at a second point in time. This yields a table like Table I below. 

(Table I about here) 
Many of the cells in this table provide data which can be used as evi- 
dence to support or deny certain hypotheses about the relationship 



between the two variables. The cells in the diagonal running from left 
to right provide evidence of stability in the relationship. They In- 
dicate which respondents have not changed states from time one to tfme 
two. The cells in the opposite diagonal provide evidence which cannot 
be clearly interpreted. Respondents in these cells have changed cate- 
gories on both of the variables being examined. In a sense, they appear 
to have jumped from one extreme to another. This jump cannot be ac- 
counted for by either variable. One is as likely to have "caused" the 
jump as the other. Thus, if the cells in this diagonal contain large 
numbers of respondents, the sixteenfold table approach cannot be ex- 
pected to yield useful causal inferences. Several plausible inter- 
pretations can explain why the opposite diagonal may be large. One, the 
variables were not measured reliably and the persons in this diagonal 
represent "measurement error." Two, the respondents are shifting quick- 
ly between the various states and the researcher has allowed too much 
time to elapse between his measurements. People have moved to one state 
and then had time to move again. Three* the researcher has inadequately 
conceptualized the phenomena and the respondents are jumping from one 

i state to its opposite as a result of exogenous variables which are not 

I 

I included in the model. When the opposite diagonal is found to be large, 
' the reooarcher should design future research to take these interpreta- 
tions into account. 

The remaining eight cells in the table each provide evidence to support 
complementary or conflicting causal inferences (hypotheses). These 
eight possible hypotheses are listed below. In Table II. the cell which 
provides the evidence for each hypotheses has been indicated. 

(Table II about here) 

■ 
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Two characteristics of these hypotheses should be noted. One , if X Is 
conceived of as a continuous rather than a discrete variable* then 
either hypotheses one and four should b^th be true, or hypotheses two 
and three should both be true. If either of these pairs of hypotheses 
Is not consistently supported by the data, then X may be incorrectly 
conceptualized, measurement error may exist, the changes in X and Y may 
result from exogenous variables, or the causal interval (time It takes X 
or Y to cause changes in each other) may not have been correctly iden- 
tified. Similarly if Y is operating as a continuous variable, then 
hypotheses five and eight should both be true or hypotheses six and 
seven should bovn be true. Two , if X and Y are acknowledged to be 
discrete variables, then either H-j or can be supported by the data 
but the other need not be. Similarly, either H2 or H3, H5 or H3, H5 
or Hy can be supported individually. However, ::rtain restrictions 
still exist. H"! and H3 should not both be true. If they are, then both 
conditions of X are producing the same change in Y, and X is more 
parsimoniously conceived of as having a single category. Similarly, if 
H2 and are supported, X is best conceived of as a single category. 
If H5 and H7 are supported, or if Hg and Hg are supported, Y can be 
collapsed into a single category.* If the researcher is reluctant to 
collapse the categories of either X or Y, he may account for his data in 
terms of measurement error, influence of exogenous variables, or an 
incorrectly chosen causal interval. 

♦ In some cases, X and Y are conceptualized in such a way that collapsing 
of the categories is logically impossible. For example, if the two cate- 
gories of X are: 1) X is present; 2) X is absent; then collapsing of X 
into one category yields the inference that Y changes whether X is present 
or absent. In this case. X can be eliminated as a potential cause for Y 
and the researcher can focus his attention on how Y influences X. 
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A quick analysis of a turnover table can yield useful information for 
making causal inferences. Looking at the La?arsfeld data reported in 
Table I, several conclusions can be reached. Firs., only three "off- 
diagonal" respondents are reported out of 266 possible. Thus, very few 
ambiguous cases exist. The model meets its first test of fit to the 
data. Second, strong support is found for only two hypotheses: 
and H4. Eleven respond^»nts are found in cells which provide evidence 
for each of these hypotheses. An unusually straightforward interpret 
tation can be made of this data because and are complementary 
hypotheses. Both permit the interpretation that X is the dominant 
influence over Y. Being a Republican apparently results in a shift to 
support Willkie while being a Democrat results in a shift to non-support 
ofWillkie. 

Lazarsfeld has suggested the calculation of a summary statistic which 
indicates the relative size and direction of the causal relationships in 
such a turnover table. This statistic has the advantage of summarizing 
information from the table into a single statistic. Yee and Gage (1968) 
report the following formula for this statistic: 



This formula can be translated into the terms used in the preceding 
discussion. The term AH refers to a contrast between cells 21 and 34 
versus cells 31 and 24. The term AV refers to a contrast between cells 
12 and 43 versus cells 13 and 4'!. NH refers to the total number of 
respondents in the AH cells. NV refers to the total number of res- 
pondents in the AV cells. N is the total nuir'jer of respondents in the 
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table. This contrast of numbers of respondents in cells can be regarded 
as a comparison of the strength of the various conflicting or incon- 
gruent hypotheses. In effect, it is an attempt to pit the hypotheses 
against one another such that the overall effects of X on Y or Y on X 
can be determined. If the terms we introduced representing the set of 
hypotheses are substituted in Lazarsfeld's original formula, the fol- 




The size and direction of this statistic are a function of the extent to 
which X dominates Y or Y dominates X. However, the size of the statis- 
tic is reduced considerably if X and Y influence each other in a reci- 
procal manner. Any of the eight hypotheses can combine to increase or 
reduce the statistic. The statistic reflects only strong, consistent 
trends in the data. In this respect, it tends to be conservative in the 
causal inferences which it draws from the data. The size of the statis- 
tic is also reduced when the number of respondents in the contrasted 
cells is small relative to the total number of respondents. 

In the example reported above g '012. The value of the statistic* 
is quite small despite the fact that X so clearly dominates Y on the 
basis of the evidence for hypotheses and H4. In part, the small size. 
Is due to the subtraction of the evidence for tht incongruent hypotheses 

and H3). Also, the amount of total change induced by Xis small 
relative to the total amount of change possible. 

Lazarsfeld's statistic does not appear to be particularly useful or 
sensitive if a researcner is trying to make causal inferences from a 
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problematic, exploratory data set. In such a case, the statistic may 
conceal more than it reveals. Campbell (1963, p. 24) has pointed out 
that in cases where the marginals of the items are extreme and different 
for the two variables (i.e., most respondents fall in + or - states), 
the obse.'ved effects of the variables may be an artifact of regression 
toward the mean. It may be more useful for the researcher to examine 
the turnover table itself and make his interpretations directly from it. 
However, there are no criteria for judging whether the number of res- 
pondents in a particular cell provide a significant amount of support 
for a particular hypothesis. The researcher can only .offer pUuslble 
arguments for his decisions, not statistical tests. This may be quite 
acceptable in exploratory research where the researcher is content to 
talk about directions and trends. However, if a researcher wants to 
make stronger inferences and argue for their significance, he should 
choose other mathematical models which permit this. 

In summary, Lazarsfeld's sixtoenfold table approach can provide infor- 
mation which permits a researcher to evaluate several causal inferences 
at one time and reach plausible conclusions. The approach is limited to 
bivariate relationships. It can handle either continuous or discrete 
dichotomous variables but is especially appropriate for discrete vari- 
ables. The approach. appears to have particular usefulness in examining 
a set of data for support for complementary or incongruent causal rela- 
tionships. Such an examination is not useful when the researcher has 
plausible empirical or theoretical reasons for discounting the existence 
of certain causal relationships. For example, it is generally accepted 
that rainfall causes plant growth but that plant growth has no effect on 
rainfall. If a researcher were using a sixteenfold table to examine the 
relationship between these variables, he would find mu.ch of the data in 



a sixteenfold table uninteresting except as an indication of how much 
measurement error is present. On the other hand, relationships between 
variables in communication research are rarely as well understood, 
particularly during exploratory stages of research. Hypotheses cannot 
be eliminated as implausible. Evidence for all hypotheses should be 
examined. Thus, the si)eteenfold table may serve as an early guide to 
determining "what is going on" in a set of data and provide a basis for 
designing later research. 

Coleman's Continuous Time, Discrete Space, Stocastic Model 
James Coleman (1964a) has proposed a series of mathematical models 
useful for drawing causal inferences from bivariate relationships 
observed at two or more points' in time. For the purposes of this paper, 
we have limited our attention to one model which closely resembles that 
of Lazarsfeld. This permits us to contrast Inferences derived from the 
two models. The model chosen appears to be typical of the entire 
series. Thus, it illustrates many of the assumptions which underlie 
Coleman's models. 

Coleman's "process" approach has been described in detail elsewhere 
(most recently in Jaeckel (1972)). We will mention only some of Its 
most important charactc^ristics here. As in the Lazarsfeld model, the 
categories or values of social variables are viewed as states which 
individuals can take on. When two dichotomized variables are consid- 
ered, it is possible for individuals to be in any one of four states at 
any given point in time. All of Coleman's models in this series are 
concerned with movements by individuals between such discrete states 
(spaces). Coleman has diagrammed the possible shifts which can occur 



between the four states as time passes (see Table III). 



(Table III about here) 
The eight shifts represented by arrows in this diagram correspond to the 
eight hypotheses discussed above with regard to the sixteenfold table. 
Some important differences should be noted in the way that these shifts 
are conceptualized in the two models. Coleman argues that shifts 
between states go on continuously hence the term continuous time in 
the model's name. This is in contrast to discrete time causal models 
which assume that shifts in states occur during particular (discrete) 
causal intervals. Jaeckel (1972, p. 241) has pointed -out that the 
continuous time assumption is ordinarily a reasonable one for social 
phenomena: 

To conceptualize social processes as occurring in continuous time 
agrees well with our intuitive conceptions of them. We naturally 
think of social processes (modernization, for example) as occur- 
ring continually, that is, in the form of ongoing changes in thfe 
properties of individuals and in the relations among individuals. 
Whether continuous occurrences are intrinsic to social processes 
or not, the point to be emphasized is that to think of the con- 
stituent changes as occurring at arbitrary times is the reason- 
able assumption. There is no prior reason for excluding any 
particular time points from those at which changes occur. The 
alternate assumption that changes in question occur at fixed 
discrete points in time would seem to hold for social phenomena 
only under special conditions, in particular under synthetic 
regularizing conditions such as those of an experiment. 



A second difference of the Coleman approach is that it assumes that 
social processes develop in time according to probabilistic laws. This 
Is the stocastic assumption. Jaeckel (1972, p. 242) has contrasted this 
assumption with the deterministic assumption which underlies most power- 
ful mathematical and statistical models used by social scientists (i.e., 
the regression nodel): 

It appears intuitively reasonable to think of the individual 
behaviors of which these p>^ocesses consist as not strictly deter- 
mined in any single case end yet, as corresponding, on the average. 



to the social and environmental conditions under which they take 
place. And apart from the intuitive plausibility of the stocastic 
assumption, there appear to be advantages intrinsic to stocastic 
models which make them theoretically preferable to their deter- 
ministic counterparts. Conceiving of such processes as developing 
in the form of a flow of probability distributions through time 
enlarges the range of what the models can handle. The stocastic 
assumption implies that variability is itself conceptually included 
in the model and not just added as an extrinsic error term to an 
equation the primary structure of which has already been determined. 



Coleman uses this assumption as his basis for explaining and predicting 
shifts between discrete states. A central purpose of his mathematical 
models is to estimate the probability that particular shifts or transi- 
tions will be made between states. The simplest basis for computing 
such estimates is to observe the shifts between states that occur 
empirically from one point in time to another. Thus, the size of the 
transition probability which explains or predicts movement from one 
state to another can be computed as a function of the number of indi- 
viduals who shift states relative to the number of individuals who don't 
shift. Of course, this assumes that observed shifts are not just the 
result of errors in measurement. The mathematical models which Coleman 

! proposes estimate transition probabilities in this way. 
» 

I 

I In using estimates of transition probabilities as a basis for explaining 

I 

' present states of a system or predicting future states, Coleman is 
making the Markov assumption. It should be noted that traditional 
mathematical models which make the Markov assumption are discrete-time, 
not continuous time models. Thus, it is somewhat misleading to refer to 
Coleman's model as a Markov model. Jaeckel (1972, p. 244) has explained 
the implications of the Markov assumption: 
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The final major assumption defining Coleman's process models Is 
the Markov assumption, that is, the assumption that the probabil- 
ity of a system's being in a certain state at a given time depends 
only on the system's state at the previous time and the correspon- 
ding transition probability. Data concerning states of the system 
at any earlier time are irrelevant in the sense that they cannot 
alter the probability distributions for the states of the system 
from the given time onward. In other words, knowledge of the 
present state of a system and of the transition probabilities 
suffices to determine its future development. 

Of all the assumptions discussed above, the Markov assumption has proved 
to be the most implausible. Wiggens (1973, p. 17) has pointed out that 
estimates of future states of systems of social variables have proved to 
be quite inaccurate evea when data from four or five points in time 
(third or fourth order Markov models) were used as a basis for esti- 
mating transition probabilities. Apparently, for social variables, the 
future is difficult to predict as a simple extention of the present. 
Coleman (1964b) has attempted to correct for inaccuracies in his esti- 
mates of future states by devising mathematical models which take Into 
account what he terms "response uncertainty." In attempting to make 
this correction. Coleman demonstrates his confidence in the Markov 
assumption. He attempts to account for error in estimates of future 
states by pointing out that individuals undoubtedly differ in their 
transition rates. Some individuals are more likely to shift states 
(movers) than others (stayers). 

In this paper* we have avoided using the Coleman model as a basis for 
prediction but have applied it as a means of describing the causal 
relationships existing between two variables at two points in' time. 
Caution will be exercised in interpreting the estimates of transition 
rates between states. These will not be regarded as estimates of future 
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rates but wilt be interpreted as estimates of transitions which have 
actually taken place. Such a narrow interpretation is warranted also by 
our own lack of knowledge about the variables which we will be considering > 



In making causal inferences from transition rates, Coleman (1964a, 
pp. 160-173) sets up four contrasts between the eight hypotheses. The 
evidence for these hypotheses is provided by the estimated transition 
rates. He labels these contrasts o< , ^ /and 6 . These contrasts 
compare Hi versus H^j, H^ versus H2, Hg versus Hy and Hg versus Hg respect- 
ively. These four main effects which are distinguished are: l)o< = the 
positive state of X causes transition to the positive state of Y; 2) ^ 
= the negative state of X causes transition to the negative state of Y; 
3)6 « the positive state of Y causes transition to the positive state 
of X; 4) J^- the negative state of Y causes transition to the negative 
state of X. It is necessary for Coleman to differentiate four main 
effects because X and Y are not necessarily continuous va-^iables. If 
they were, ^ and ^ could be summed to determine the overall effect of 
X and the summation of & and ^ would yield the overall effect of Y. 
In the case of discrete variables, summation could mask important 
evidence for conflicting hypotheses. 

In making the four contrasts, Coleman is determining the relative 
strength of two directly competing hypotheses. : the positive state . 
of X causes Y to become positive is contrasted with H3 : the negative 
state of X causes Y to become positive. As we pointed put fearlier, if 
the data provides evidence for both these hypotheses, then it is useless 
to differentiate between the two states of X. X should bfe collapsed and 
treated as a single state. Thus, in cases where the Coleman main effects 
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are small, researchers should examine the data to determine whether this 
Is due to sizable transition rate estimates for conflicting hypotheses 
which cancel each other out. If so, the variable in question might be 
collapsed and the bivariate relationship reassessed. Of course, this 
can be done only in those situations where collapsing of the variable is 
meaningful . 

One important limitation of the Coleman model is that it involves 
additional assumptions when the cells of the off-diagonal in the six- 
teenfold turnover table are large. These cells contain the respondents 
who have shifted more than one state during the time interval being 
measured. Coleman provides for an "exact solution" for transition rates 
which attempts to sort out the two shifts which moved individuals to 
these states. However, this exact solution involves making assumptions 
about how shifts are occurring. These assumptions are at best plausible 
guesses as to how shifts will occur in "typical" situations. As Coleman 
(1964a, p. 170) points out, the exact method increases the size of 
transition rate estimates. Such increases could result in overestimates 
of causal influence if the off-diagonal cells are large because either X 
or Y has been conceptualized poorly or measured inaccurately. In cases 
where researchers are doing exploratory research, the assumptions under- 
lying the exact solution may be unwarranted. It would appear wiser in 
such situations to attempt to account for why the off -diagonal cells are 
so large. Usually, the most plausible explanation is that too much time 
has elapsed between measurements. Thus, while Coleman offers a way out 
of the dilemma raised by large off -diagonal cells, the solution should 
be regarded with some caution. 
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The last model which will be considered here is cross-lagged correla- 
tion. This model has been discussed in detail elsewhere (see Chaffee 
1971, Rozelle and Campbell (1959)). 

Our pu'^pose here is to discuss how this approach resembles both the 
Lazarsfeld and Coleman models. A comparison of cross-lagged correlation 
to the Lazarsfeld model has already been made by Campbell (1963, pp. 235- 
242). Important differences exist between these models. Cross-lagged 
correlation assumes that the variables are continuous.* In addition, all 
of the assumptions for the computation of correlation coefficients must 
be met. In particular, relationships between variables are assumed to 
be linear. Despite these differences, Campbell (p. 235) points out that 
"cross-lagged panel correlation would seem to be the most feasible means 
* extending the sixteenfold table beyond the dichotomous situation." 



In the cross-lagged correlation model, the eight hypotheses discussed 
above are contrasted with one another to arrive at estimates of main 

* 

effects. The purpose of cross-lagged correlation is to arrive at a 
final contrast between the total effect of X on Y and the total effect 
of Y on X. This contrast permits a conclusion concerning the causal 
priority of either the X or the Y variable. As we have seen, such a 
contrast can be accomplished with the Lazarsfeld or the Coleman model. 
However, the result can be misleading. The contrast yielded by cross- 
lagged correlation is no less likely to be misleading particularly when 
a data set fails to satisfy the assumptions of the model. 



The advantage of cross-lagged correlation is that it yields coefficients 
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It is true that some of these assumptions can be violated without 
seriously altering results. However, few guidelines exist that can 
enable a researcher to determine whether or not he has violated too many 
assumptions or the wrong combination of assumptions. Thus, of the three 
models, cross-lagged correlatjon is least likely to be useful to a 
researcher who has collected exploratory data. On the other hand, if a 
researcher knows a great deal about his variables and their relationship 
to one another, cross -lagged correlation may offer the best way to 
efficiently make concise causal inferences. It should be kept in mind 
that cross-lagged correlation is a deterministic model. In analyzing 
data sets where tne underlying social process is likely to bs probabi- 
listic, the Coleman model may yield more useful findings. 
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It Is true that some of these assumptions can be violated without 
seriously altering results. However, few guidelines exist that can 
enable a researcher to determine whether or not he has violated too many 
assumptions or the wrong combination of assumptions. Thus, of the three 
models, cross-lagged correlat.ion is least likely to be useful to a 
researcher who has collected exploratory data. On the other hand, if a 
researcher knows a great deal about his variables and their relationship 
to one another, cross-lagged correlation may offer the best way to 
efficiently make concise causal inferences. It should be kept in mind 
that cross-lagged correlation is a deterministic model. In analyzing 
data sets where the underlying social process is likely to be probabi- 
listic, the Coleman model may yield more useful findings. 
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Table I 



«0 



Interview 



Concurrent Change In Vote Intention 
and Personal Liking for Willkie 



Second Interview 



Republican (+) for Willkie (+) 129 3 1*2 

Republican (+) against Willkie (-) 11 23 0 1 

First Democrat (-) for Willkie (+) 1 0 12 11 

Interview Democrat (-) against Willkie (-) 112 68 

Total 142 27 15 82 
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Table II 

Causal Inference from the Sixtecnfold Table 

Time Two 



++ 





1:0 

Chance 

11 


Hypothesic 
Two (Ho) 
12 


Hypothesis 
Six (Ha) 

13 


Uncertain 




Hypothesis 
One (H^) 


No 

Change 


Uncertain 


Hypothesis 
iight (Kc,) 


Time One 


?1 


22 








Hypothesis 
?ive (Hcj) 


Uncertain 


AO 

Change 


rlypo thesis 




31 


• 3? 


33 


>- 




I'nccrtain 


Hypothesis 
3oven (H^) 


Hypothesis 
Three (H^) 


Change 






^2 


^3 


Ul: 



Descriptions of the Hypotheses 
Cell KiL-nbor Hyro thesis yu^Ver Description 



21 H. -a-^ir 

12 Hi +X-^Yvl' (++-*+-) 
H3 -X-*Yt ( 

H; -X-*Y^ ) 

31 He +Y-*Xt 

13 H? +Y-*X4^ (-H-->-+) 

42 H7 -Y"#Xt ( ^-t-) 

24 Hg -Y-^Xi. (-H--*— ) 



*A verbal description of this hypothesis ^^?ould bei X in the positive state 
causes Y to assume the positive state. 
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Tablo III ^ 
Four States of Colonian*s Model p^W^^ 



state 
One 



State 
Two 




State 
Three 



State 
Four 



— > 0*^1 'H^ 



